Impairment of venous outflow from the liver can result from obstruction of the hepatic veins or inferior vena cava and due to cardiac causes like right-sided heart disease and constrictive pericarditis. [1] [2] [3] [4] [5] On liver biopsy, histologic changes include zone 3 sinusoidal dilatation and congestion, red blood cell extravasation in the space of Disse and hepatocyte atrophy. With chronic outflow impairment, fibrosis can develop starting in zone 3. These changes are well described in several articles and details of the changes in sinusoidal blood flow and mechanism of central-central and central-portal fibrosis have been studied. 2, 3, [6] [7] [8] [9] [10] [11] However, histologic features in portal tracts in liver biopsies with venous outflow impairment have not been detailed in any of these publications [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] or standard liver textbooks. 12, 13 In our experience, abnormal portal tracts are often seen in venous outflow impairment and can mimic the findings of chronic biliary disease. These patients often have elevated alkaline phosphatase (ALP) and gamma glutamyl transferase (GGT) with mild elevation of liver aminotransferases. Thus liver enzyme tests as well as the histopathologic findings can raise the suspicion of chronic biliary disease and may lead to unnecessary diagnostic work-up. The purpose of this study is to characterize the spectrum and significance of pathologic changes in portal tracts in liver biopsies with hepatic venous outflow impairment.
Methods
All available liver biopsies with a confirmed diagnosis of venous outflow impairment obtained at our institution between 1994 and 2001 were retrieved. Liver transplant recipients and biopsies with cirrhosis were excluded. The biopsies were reviewed to confirm the diagnosis, and the following features were recorded: 
Results
The search results yielded 141 liver biopsies with sinusoidal dilatation and congestion. Of these, 107 cases were excluded: 90 were biopsies from liver transplant recipients and cirrhotic patients, and 17 were cases with SDC without clinical and/or radiologic evidence of venous outflow impairment. The remaining 34 patients had confirmed clinical and/or radiological evidence of venous outflow impairment and formed the study group. Of these, 19 had right heart disease, 13 had classic BuddChiari syndrome due to obstruction of hepatic veins or inferior vena cava, and two had veno-occlusive disease (VOD). The 19 patients with heart disease included tricuspid valve disease (n ¼ 1), tricuspid and mitral valve disease (n ¼ 3), complex cyanotic heart disease (n ¼ 1), idiopathic dilated cardiomyopathy (n ¼ 5), cardiac amyloidosis (n ¼ 7), chronic ischemic heart disease (n ¼ 1) and constrictive pericarditis (n ¼ 1). The various associations observed with Budd-Chiari syndrome were polycythemia vera (n ¼ 2), oral contraceptives (n ¼ 2) and one case each of paroxysmal nocturnal hemoglobinuria and chronic myeloproliferative disorder. In all, seven cases were idiopathic. The diagnosis of Budd-Chiari syndrome was made on the basis of clinical presentation (features of hepatic congestion like hepatomegaly and ascites, absence of other demonstrable causes of acute or chronic liver disease, presence of predisposing hypercoaguable states) along with radiologically demonstrated occlusion of hepatic veins (n ¼ 9) and/or liver biopsy showing SDC (n ¼ 13). Of the two cases with VOD, one patient had been treated for acute lymphoblastic leukemia (ALL) and the second had received a bone marrow transplant for multiple myeloma. (Table 1) The presentation was acute (symptom duration 1 month or less at presentation) in seven (20.6%) patients with symptom duration of 1 month or less at presentation, and chronic in 22 (64.7%) patients. The type of presentation was not known in five patients. Laboratory findings included elevated Portal changes in hepatic venous outflow impairment S Kakar et al bilirubin (n ¼ 30; 88.2%), elevated liver transaminases (n ¼ 21; 61.8%) and elevated alkaline phosphatase (n ¼ 31; 91.2%). GGT was high in all 13 cases tested. The elevation in ALT and AST was mild (below 200 U/l in all cases), while ALP was elevated above 500 U/l in nine (26.5%) patients and above 1000 U/l in three (8.8%) cases. Antimitochondrial antibodies were negative in all in eight cases tested.
Clinical and Laboratory Findings
Liver Biopsy (Table 2) All the biopsies were adequate, with four or more portal tracts. All showed zone 3 sinusoidal dilatation and congestion with hepatic plate atrophy. The morphologic changes in the portal tracts fell into three categories:
(a) portal expansion with bile ductular proliferation (n ¼ 16; 47.1%). The proliferation was mild in 14 cases (Figures 1 and 2 ) and moderate to marked in two cases (Figure 3) . Cholestasis or ductopenia were not observed in any case. This was accompanied by a mild lymphoplasmacytic infiltrate in 10 cases, of which two cases showed lymphocytic cholangitis ( Figure 4) . A few neutrophils were often seen in association with proliferating ductules. Portal-based fibrosis was seen in 11 biopsies: portal fibrosis in six cases, periportal fibrosis in three cases and septal fibrosis in two cases. Histologic changes reflecting cholate stasis like pseudoxanthomatous change and Mallory's hyaline were not observed in any case. (b) Portal-based fibrosis without bile ductular proliferation (n ¼ 3; 8.8%). All three cases showed periportal fibrosis with a mild lymphoplasmacytic inflammatory infiltrate ( Figure 5 ). (c) Normal portal tracts (n ¼ 15; 44.1%). 
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There was no significant difference among the three morphologic groups in terms of etiology of venous outflow impairment (P ¼ 0.5), duration of symptoms (P ¼ 0.9), bilirubin levels (P ¼ 0.3) and ALT/AST (P ¼ 0.9) and alkaline phosphatase (P ¼ 0.6).
Of the seven patients with acute presentation, three had portal-based fibrosis and five had sinusoidal fibrosis. Of 22 patients with chronic presentation, 11 had portal-based fibrosis and 14 had sinusoidal fibrosis. The duration of symptoms did not correlate with the presence of fibrosis (P ¼ 0.5).
Radiology
Evaluation of bile ducts with ultrasound or CT scan was available in 26 patients, none of whom showed a biliary tree abnormality. ERCP was not performed in any case.
Discussion
The diagnosis of venous outflow impairment of the liver is based on clinical and radiographic findings, and liver biopsy can be performed to confirm the diagnosis or assess the degree of fibrosis. Many studies have described the histopathologic findings in hepatic venous outflow impairment.
2,3,6-11 Most patients show evidence of chronic passive congestion, which manifests as sinusoidal dilatation and varying degree of hepatic atrophy and necrosis. The congestion and necrosis are most marked in zone 3 of the acinus, but can involve zones 1 and 2 in more severe cases. Extravasation of red blood cells in the space of Disse has also been described. 9 In chronic cases, these changes are accompanied by zone 3 sinusoidal fibrosis, which can progress to bridging fibrosis and cirrhosis. In all these reports, the description of liver pathology emphasizes the changes in liver sinusoids and hepatic parenchyma, and the patterns of fibrosis that are seen with chronic congestion. However, the morphological changes in portal tracts in this setting are not mentioned in these reports. Intrahepatic biliary tree abnormalities in Budd-Chiari syndrome detected by endoscopic retrograde cholangiopancreatography have been described in a case study.
14 These changes included crowding and elongation of the bile ducts and dilatation of some of the distal bile duct radicles. However, the bile duct changes in liver biopsy were not mentioned.
In our pathology consultation practice, cases with typical morphologic findings of venous outflow impairment are often sent for a second opinion due to the presence of portal tract changes that mimic a biliary disease. In the present study, nearly half of the cases showed bile ductular proliferation in portal tracts often accompanied by portal-based fibrosis and mild lymphoplasmacytic inflammation. Occasionally, the bile ductular proliferation was florid and evidence of bile duct damage in the form of lymphocytic cholangitis was seen. In a few instances, portal-based fibrosis and mild lymphoplasmacytic inflammation were seen without bile ductular proliferation. These morphologic changes can easily be interpreted as indicating chronic biliary disease.
The liver enzyme profile also resembles that of biliary disease. ALP was elevated in almost all the cases and was accompanied by elevated GGT (all 13 cases tested) and mildly elevated ALT/AST levels (o200 U/l in all cases). The liver enzyme results along with the histopathologic findings of bile ductular proliferation, portal inflammation and portal/periportal fibrosis can raise a strong suspicion of a biliary etiology. In this series, the possibility of chronic biliary disease was raised in the original pathology report in five cases. AMA testing was negative (all six cases tested) and ultrasound/CT scan evaluation of bile ducts in 26 cases failed to reveal any abnormality in the biliary Portal changes in hepatic venous outflow impairment S Kakar et al tree. There was no significant correlation between the presence of portal tract morphologic changes and etiology of venous outflow impairment, duration of symptoms, bilirubin and ALT/AST levels. ALP levels exceeding 1000 U/l were seen in three patients with abnormal portal tracts but none of the patients with normal portal tracts on biopsy. This difference was not statistically significant.
In our study, the proportion of cases with sinusoidal and portal-based fibrosis was nearly equally distributed among the patient groups with acute and chronic disease presentations. It is intuitive to assume that patients with chronic symptoms will have more fibrosis compared to those with an acute presentation. However, no correlation was identified between the duration of symptoms and presence of sinusoidal or portalbased fibrosis. Previous studies have reported a similar lack of correlation between the degree of sinusoidal fibrosis and duration of symptoms. 2, 3 It is thought that patients with Budd-Chiari syndrome who present in an acute manner have had relatively long-standing subclinical obstruction, accounting for the presence of fibrosis in many of these cases.
The mechanism of bile ductular proliferation and portal-based fibrosis in venous outflow impairment is not known. There may be a low-grade chronic injury to the biliary system that accounts for these changes. Sinusoidal dilatation and increased venous pressure or compromised arterial flow due to abnormal shunts may lead to a low level ischemic damage. Ischemic injury is implicated in rare cases of biliary abnormalities (portal biliopathy) that develop in extrahepatic portal hypertension. 15 Bile ductular proliferation has been described in association with large regenerative nodules in Budd-Chiari syndrome. 6 The benign regenerative nodules in Budd-Chiari syndrome can show copper accumulation indicating some sort of biliary perturbation. 16 As shown by our results, these changes are often seen in the absence of regenerative nodules.
In summary, portal tract changes in the form of bile ductular proliferation, lymphoplasmacytic inflammation and portal/periportal fibrosis are commonly encountered in liver biopsies with venous outflow impairment. These changes closely resemble the features of chronic biliary disease, a suspicion that is heightened by the frequent elevation of alkaline phosphatase and gamma-glutamyl transferase in these patients. Serological and radiological tests for biliary disease were normal in all cases in our study. Awareness of these morphologic changes can prevent overemphasizing the risk of biliary disease in this setting and prevent unnecessary diagnostic evaluation.
